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(54) Tifle: INTEGRATED CIRCUIT TRENCHED FEATURES AND METHOD OF PRODUCING SAME 



(57) Abstract 

The formation of microelectronic structures in trenches and vias of an integrated circuit wafer arc described using nanocrystal 
solutions. A nanocrystal solution is applied to flood the wafer surface. The solvent penetrates the trench recesses within the wafer surface. 
In the process, nanocrystals dissolved or suspended in the solution are carried into these regions. The solvent volatilizes more quickly 
from the wafer plateaus as compared to the recesses causing the nanocrystals to become concentrated in the shrinking solvent pools within 
the recesses. The nanocrystals become stranded in the dry trenches. Heating the wafer to a temperature sufficient to sinter or melt the 
nanocrystals results in the formation of bulk polycrystalline domains. Heating is also cairied out concurrently with nanocrystals solution 
deposition. Copper nanocrystals of less than about 5 nanometers are particularly well suited for formation of interconnects at temperatures 
of less than 350 degrees Celcius. 
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^LH^SI. : ^UfLIOI- O^SQiiLIOK 5:^M"EI0h ^^Mffl^'EjOl- :bW2H^0| 
e M>:L|0h-^!21i2U|U. HhWI0|£>i. M:?l£IOh MEH VlEh^ib .?HU 

t-i- CH*t°i^ ?h7;hHiii& Aiiei^^AioK ii^diir^K bioiwibiof . eii>l£ 

EI^OH-IOh ^»^5H EgHIOh m^H[ - U\C.m^9m' Dh^lELIOF g 
H' g-EI^I a|A|3 kS9J|0| ^§SJE tfSanUOh SSd|?|0^ E^'7;|?i 

^7hits OheOilGIEjE yo^^BI?!-. D.i\\L\Q .'y\U ' ^^HU H^OFEIOF 
ojEmAlO^ ojE . AlOllEFEIS..: SIl#E|ti|OK Stih^$4r AR ARIPO^IN -i n 

u aii^s g-Em' .4B- :^i2h§?HE aiwieei^ ^H-f ' stiioF 

SH|-H?ji 

EA^EhA10«^ :. OhSQjiuOh Ora^HfOI^)- ^a^i^i 9\E.y\Z. ^TOh 
eEb> EiAlpl- EFAI^I^^J^ ^snoHu^Bh 

EP'^a^^ : 5::6ME|0h ^^ICHl ^^ E!!De ^M?} ^IT^ 

3E|:r:i Oh^2HE OIl^EIOj-- ma^s-a HLS Lll^afE 
^ S^dE .AfOIEEi^ 

OAOAPI^^ :. .¥s^lUirf:i: M ^S'. S^eEl?!- HMCIMa^s •• 5?|- 

mim .y\m 7111 .^^ei sEiEm uaiM. Aiimg nB :7iLiidi4fc 



(30) ?>aa?S- 60/096,616/ 1998t308§14S DRdJS) 

09/373,295 1999^ 083 12S DRCUS): 

(71) m^2i ^E^ei-oi oittiiEi eii . 

OR 4807G.OIAI^H^ t^iE ■^^•-£|0|Si.a 25336 
.(72) ^E^EF^i OKHIEI ei! . 

□R 48070 □IA|^^^^^ijE .2101:29 26336 
(74) CHEieJ.. SDI^^Be!(™ieEIAraSS05!2) 

(54) gg{ 5is Mgixi s 3 a3£ i_ 

OI4r Olge^Ol S.^ tIS 9JI0IH2I egixIS^ Him LHWI Oi-OIHg^'siiMSy. ^^1^ 

^ 2CH! CHoH^miSQ. 014! 1§ S^-il^ ?JiO|iH iSWI SxlE^ EiE^iQ. g^ii^ ?il0ilii 53 LH^J 
MSOt:! ElAil:^^^ ^CIl^Q. 01 ESAII^CHIAI E^ Ai:i!^Eiif^ 014: 1^^. 0I§ LH 

S ^TISQK eAII^ 01^ ^§01 ElAilii LH2i gAll KpooI) LHOll S^EIE^ ofe EIAII^DI! d| 

^JlOlitl. ^aiS^CPl8iteau)S^E1 OF^, fl^^SCK- 01:4:; 1§S EE|-0|:m?!!7:| LHQil yo I- Si 711 

i!Q. . 014: E^ ^^Am SE^ feStt SE^ 'SliOlfflM :?^§o^7ll: EIS^H Lf^g: 

01 ^^^ch u\± mm m^j^ ni^^iiir .mAioii •^aisq..' 2^5. ubiOiEi oitm -^si di^^ ssoi 

350 X 0151-21 ^EMAI HHil ^SQil ^ol ^tmHlK 
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<5^^ §S!> 

B 1998^ 8a 14S7:e SSEiaH e SAOAIOII S-SS aXI gS a 60/096/ 6162 

2J one ^.StJD. 

S ^'S^ DIOIHSg^MSt! Maifl ^^^(tenched feature) SSWI 2!£S, Dl:4ilg g^i^ 
S^EI aHfi!( interconnect )m SS^h^ 2011 ?m SOICh 

asj -as^ «JES S^Ksemicondjcting dooalre). ZhDII iJsM SBtPI 9\n S.^M Z^2J £ 

AIM 0.25 /^m ICDil SiCffAl^ Alg^EI .Cug2J'S^t^ SOISF EMW BHd^l.g^h DIAilth^h ^'OILHl 2i 
Q. AlOllAl Cu^2J 2!01(HI ECfEhAi UH^'^S^^^OI ^s|-£iaP-. ALS M|g?i (blanket )#^SA1 fflsra! 
aSWI OlS OilSDB 2J$H H||Sa£|7a°^ Cu BH^I^ DIEI SSaOl 2i^(^S(daraascene)) Ei^n 

£F bioKvifli) LHs s*«Hi 2i$r s(Hi mm SDKCMP) «a.aa. " 

UHS ^01 2f^3H2 3^bl|:?F [m g2H2] 2^ S^"-. 0IE^2] ^ll4^(resolut Ion) t.mm 

^Stl-Q'. 3I2> M^xiah HIOI-^ OilXIWIAl XHSM S,2.n EIH, 01^ ^fi- 

««CHI OlMTfl SLK. MaSlHF fi^Sj mi S.^(CVD)s hhai egSXIM jcl^SH BSS-^^M 
niloy Sfli£! Cu 7|S0|Q.(A;E. Kaloyeros and M.A, Fury, MRS BuM., (June 1993), pp, 22-29). 

n^QilE ^^ohH, CVD^ Bl^^S AmiM(nucleatlon slte)M 17^2 ^ISej Q^. ^MOil HItH ^ 
xH^XI^ St.CK CVOafe s ^^OflAI -^ilAIS ^^^^ Mgii^^a t:^^ 

eXIKdifferehtial solvent) y\sS[C^ esiixl LHS CuM ^d^^S ni*rA|?|Il,;G12^SAl Qi^ 

2^s, ^ Em\ ^^ a goi-xm s^yi^ □ ?i73^ oh^^^q. 

Ig -S^^M MSth:?l ^miOl CVD gOil IC :7I5M EIS 7IB Ah^J Dl^sil ^i^h ^m^itK 

mm e^Exfl Af^s T^^cHiAi acr^^^ sEOiiAi, heih oi^^^^^fe hi^q^ 

aA^^^ aioi^ iHi^:di3'^(mesoscopic) b7\ s'^^ ^oii^^is ?;>i-2ich Dii^>^a?j ai 

se^ei SAh ts^e aoiu ?>^Ah5h ^im mim ses #^t^ se^ oi-uq. [hi^:^^^^ 

A|^^]lh Sr^g ^Glt^ OI4'-S(anoinaly)& I'lOj^" 4: 2i 

CK 37011 ^ ora • 53 Oil UAI^ ^BAu il Pt(C: Sol I iard and M; Flueli, Surf. Sci . 156; (1985). 
• PP. 487-494y> SI AI(J. V/olterdorf , A.S. Nspljko and E. Plppei>. Sur. Sci . 106; (1981), pp. .64-72) (HI. 
CHt.^ ^l^Q Dl^lSOll CHt^ 201 10 LHAI 400X □ ^ Lj-EhU SiQ. ^HOilAi^ 53 ^IA^^ 

53 ±iL[yy-xLm gaoi-Ai s^m. sE^j sis hi#m UEiyiQ. 53M^&^^^ sss ^ak ^s 

Ss. :71§K SI ^HOll bll^H S-^^a ^Ah OlIUAIM il^^Q. OIBIt^ ^S2J, life gHQilAI^ gSl^ e 

S^ DI^ HIJHi^llAi mm ^EM ^"-^^ ^B1>ii- Si^Q.(Ph, Buf.fat and J-P: Borel, 

Phys. Rev. A, 13. (1976). pp, 2287-2298: 2287-2298; C. J. Coombes. J. Phys, . 2. (1972). p. 441- 
449; j; Eckert. J.C; Holzer. C.C. AHn. Z. Fu and W.. L. Jlionson. NoTOStruct. Matls.-; 2; (1993). 
407-413.; C.R.M; Wronski; Brit. J. AppT. Phys. 18. (1967). pp. ' 1731-1737 and M; Wautelet. J; Phys; 
0, 24. (1991). -343-346). 01:4: . ^§ 371. 331011 Si Oiyg ^£2] A|5K^ Sa^uKH. 

014: ISODAI CH¥g°l ^^ EHfe: 2. LHAI 6 nm°l S^feCK- ^§ B^iei 014: ^.SOIl 

oi*]- mm 37011 2i$HAi mm se^ xjn^y^ ^aoiLton 4^£»2ioi uixOiEf ai^rssoiiAi^ By\ m^ 
sioiDj sAh a^3o^l cH.^»^^s uiait.n:i^ 201 sgEisid-. s^. 014^- ^§21/3:71 m^- mm s 

E~ Au. Pb SI In. Al S! Sn°) 37# 5tmraa;(Au: Ph. Buff at and J-P. Borel. Phys. Rev. A; 13. 
(1976). 2287-2298. 2287-2298; Pb and In: C.J. Coombes. J. Physi. 2. (1972). 441-449;- Al: J, 
Bckert. J.C. Hotzer. c.c. Ahn. Z.Fu and W.L. Johnson. Nbnostruct. Matisi Z (1993). 407-413; and 
Sn: C.R.M. Wronski. Brit. J. AppI, Phys. 18. (1967).. 1731-1737). 0|4i lg .3:?l t^4^£A^°^ .S§. 
SE2J S-4:fe 4^ SiQ. Oll^EH, ^3^(9old)0| l065.*cOi|A| ggEI^ 201 -2 m Au D| 

4i 2t 300 XOIIAI geSEK(M. Wautelet, J., Phys. D. 24 , 91991), 343-346). 

014: mmm ^km t^^^^ mim retrench cut)i ?jiGiitioii e^^i^ 21 

^olS =?^mm M^ty?\ ^^01 ^SIIEK DI4: Ig^ 2.LHA| 20 UkOIEI^j .^j^^ i^h^Q. 01 

s xi4^^'3Ei3 mm ^E^ ?jioiiti4»-oii aah:^^ ^^'■i mofe. cH3-^3 ^^01 

Q. 0I4:.1S^ 75011 hmm 20|Eh3- .7EI 01:^' 1S3 201 HIir^'^fEl-- AIS 

2.^ n\± IS itmi-^ 01-013^^ Si Egbl qi^SE §^EIDl. 01 S^g^ ?4l01iti y\ 

B LH2J :7|S2J EikM^m SSSQ. 9JI0|ii| E|'A||>^ LHOfl 0K]|3£^e!|MSM 

Diioii oisui^ 2011 dii&iiaie: jaAisGih 

Oi:?|A1^ IS {^731 (precursor) Xjlg^^EI HHflg" ^S^f^ ^Ik Oieof^ ^^011 

CHoBAI ^AIISI SSttF. B &^SS m§ g^, E^ >4tH, §tl#, 32Ha gfOig. &S 
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^Ei= m\m^ & ^soiiAi°i 7\Bm. oi 71&21 kg iss siOiE tfstHiK 01 Jima^ s^^ so 

ij#(wettlng layer)OI <:!!^-tl^^S SSEIOj HHfl SOam* gSBO IC 7jE| SDH ^± i^if 

(interdlffLBlon)# ^^Aim. 

^ SXh g:^n y\M ^g(nahocrystalTbased.cchstructibn)2J El^^ ^SOU" 7|^o|01 

6»St^ d|§ :'f7aSCK 014: IS S£t Al:i:?fl>3(suspenslon)S zii^aiOt.E^ ri^S SilWl 

Sjeil Egiixlg 5lS(lC) ?l|0|ffl[HI S gw^ti^ hh£! ^iSj 91t?B Ii:?F2J 

3S g^r gtJIl lejM ^^i^Cpaint booth) 311 CHiiim. lEI^j gsf .:?! 

glF^ B£l~ B Me!!xlS^E1°J gi^ll .gz-il(carrier)5J Tcl^ tm&m Q\^%^2.^W \C E.m\ 

im U\± DlgXH >SEjj5|o^.i[|*feho^^ Dl>i. lgo| .^^ gsidl ^ATo.^ eQ)7j| ^i-qi.. 3 
§3K CMRHI °I^B «l71E|Oi0t tf^ Oll'^joj. ki^^ Jflgoj o,q\ Um^S.^.. ^ SIZE ggOil 

Olgtm gXfl CHiJQil ^71 g»ie! 014: 1§ gsijg DIE! tieit^^g^ OlSOl 

s ^^g^ ££tt Tjni^tj-nf^i-^^ digs aa. nH<:!!Hj.Di^ i§ Ei^r^ :?F^5^oi3Ai 

AHs T^Fssoi mm ^ mm §^ sa lhs *:?i^5joi oi^, igoi Ei^iaiiK 
nom 014^. IS s^siq. gxii^ s^oii sjtaAi^. ibrOn:?! oias 

iti^FOl $4101© LH^ M^lixl BIAH^:^ ii^Dl^lIh 01 iSAIl:i(HIA| g?i|(HI g^BS! SE^ A|ibgi3S 
OI^:i§^ oil LH^ ^TISCK. gJCII^ Dl::^ ggOl E|A1I>: LH2) g«| M(pool) LHWI S 

gElE^ Em±m dloB ?JIO|itl Mai£^(plateau)S^E1 .01-^ mm^Ll U\± ER[ 

01 Mesa LHoii aoh a^ii aa. oi^: i§# ±^ E^ ggAia ses sg^rass sioiag 7^g 

goH E^ Al^rSlda U\± ^g2| gei|s Si|0lul2j 53011 ESaQ. bhi^^ehTil^. Ig g 
^" E^ Ai^:^^:^^ UHd <y^t!- El^^g- gOlo^Til ^F:?! ?!^|01 M^S^^ gE^ fe^^CK g?;il 

'2J g^^Dil -OlOiAi. eiS ^AhMOl 7h^EI0i M?i!xl LH&ll S^l ^^tlCK QlgQil 'OlOiAl^ 

no\m soh 2j^h e^ aoii eeioi e^ g:«;ii ^gi ^^(soivent 

Impregnated Nnt-free cloth)M ?4IO|iH MSIM^M 4^:^11 (9ttab)a^SA*| .0ISSjo| ggOl bi 

^ 53£g^Ei 7;ii7iaa: < - . ... 

^^\\J, 9i\D\m S\:^&/.Ul± §g2J g$HS, f i^lS, ^E gO^|•t^gE|^ 2!S:ghL|i:ih. 

b|4b S'gi^ LfkOIEi SES g2|2i gt^OSAl kl4^, M 5^301 1 LH7J' 100 nme!.'SX^^ gaiSLK 
H^i^^e^7il~. B ^-S^ DI^^ ^g^-E LH?:! 20 nmOlQ, Ci dH^^^Wl^, B.^-s^ oii ig^.2 lh 
Al lO hmOILh g^ LH^ .DIi lg°J H:?| eif^h gfit^C■lL H 01^^ 01 -3:71 .S^011A12j ^'XF 

^ 4:1 ^E^ 371 ^^^0171 UH^OIEK DI-S.WIS, gg ^EE' H7I ^J^^OIQ. dfl^^§^7^|^, 
6 nm bmi-°] U\± ggOH 'SiOiAlfe 13 aiAh..5{S2|..30 %:Q\tm a7r^57K.01gEIDl> 

13 6 nm :0I4'-:£S e7ht.KHI CDEK 01 E Umm^O-: 01 4i Ig^ OllAI^^S ^gKF Xl 

El. iiiaf-(agjtat ion), g^- V^ig(solut ion shearing) gg gEH2J 4^E»-0il ^oH g7;-il LHQli 

ElTiLK 014^ lg:X30| ^gthXil(passlvating agent)()ii E^. ^^^Qjl S^^fi ?1MliaQ. 

^gtW^ Hf£^2|^^:>i|^.g;C:ilOilA1 g^Hl' ^vSi^Dl. C[}E^A^ gJAWl g^HSm ^Olt-O. dfl.^^eh?il^, 
014: Ig^ ?J10|]il dj^B ?ll-^2] ni lHS°J MEIM ^251-71 ^l^y g^Hl 

4^ □ dhe^iB^Tilfe, Di^ |iH>y ^^Dil SiOlAi^ ^EjOjCh 

^gtH^ OiE! <y^a 371 0I4^^S£| 014: Ig: iSSM ^^A(U|'7| ^It^OI. 3EI3 dh^^iu^Til^ m\ 
LH°I 014: lg(H! g^H^g ^0juh7l . ^|i?H A1E ^aSQ:: ^gtffll^ 'OilAj^J^:^ gAi xR\q o7|gg 
OlEi 7OT ^ ^lE'^ ^7|ge Stl^i-CK 017IA1, 014: IgBJ 53 .^X|Oirt|*»-^£S 1 
4^ ^^2:SAi, DIIAI^^S^ ^31. OEj. ?FM^^aiOIM. E|g, OIOIE; OmiE, # 

LlMl, ^QI^IE. ^' ej StmhDI, C, -Co A!^*-^, Of^ E^ .t4Eil^£J.AKxlEi- - 

°EaiG|3. X E^ 4^4iOICK ¥gtWl^ RY bh^^foi goH^S ¥OjUhE§ Aj^S 

EK DM 4'AIDllOilAi, Y^ 7;1!2 D|± lg2J 53011 ItlEIOi. Dldb. ^ggg t^JJll ^^Q. QI^OL XRY 
y ^^Al 4^' Ig (dendritic)- E^ m^^l SSxil^ 014: IgSJ si-g- .DHM^4:M ^^ee^:^^gaEK 
^MMM^ t - C.4 - E|g..:0>3, ?E^4'EilO|E 3 ^ho ^go|Q. ^ 

gsfflr¥s# 014: IS k3^' »^a S7i sFtjoii sj^H.isaa 

014: Ig 371^ 371 4:1 ^ gg SEM Olg^FE^ <:!}^aCK . m¥ WOlltj ^i2J o^g^^ 

g&^5|o^ sjsj gg s^arnoii c[f# 014^ ig 371M iguF^oii sio) aioj 3AhoiEK. eufsiswi 

~, Dli 350 -C OimSj g3 ^2S^E1 SjohS ESSM ^71 ^Itt SCH 7H .^ag ?c^E^ 

a^acK 01 H^&3!§^7^|^„ oii igs 300- oioe 7^gao^; oiei .7fai 37i2j.Di4i igsi gg 

SE^ ?ll>l^7^35}-0|■.(Wautelet J. Phys. 0 24(1991) 343): 

014: Ig^ gSHg E5t,^^SiW $4IOlia0il E5a6. ^ ^^S21 g^& ?-IIO|ia4'' ^iSSQ. HHfS|§h 
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01 S2i 101 §&soii imM a» ss© a^^atm^. B gsonAi. se*^ ii*r«ib gToifoi § 

m StttlD. . Jl^SI^ ef 250 ^ LHXI 300 *C 0IS^2|. gSS Al 
ijEjjgQ. H*f73l^ 014^ ^§ 7Fg(HI i^ieiS^ g3 S^5J sg^l S^Am* :7fe«0| H^^fll 

si^t^Ai^'iEs >|Ej?^icK .nsri^ii^ ^KX; ^31;. ^aieiE, oki!,.ei# s! u s 

Oiaot)^ ^0i£ 8;H^ SIAH t^^o^^' X|&^ 5^tl#; .Ma(0h31<l^), 

m. lEI?KL11G|E/m£|^a, #EIW3M, #£IWI:iE1Is .^^j^HS" 250 X :Oim(HIA| 95 Slf % 01 

pa, 

AFga^ S£i2i 7«ss ^ssLK oi# oiiAisjog ^sQ,^^ :?el;s, a^i^ gEi^ai, ua., 

&EF§;. e!S> if^sj, 0I3, ElEf^ SIvS, fe^g/ iTtH. . §5l# a.SSfMM StItJa. 

^^- mm ^y^nmsy.m sz^ e~ §^ =?^m °my\ m^'^'^^w^. oi 
^ iiisftion. 500 -c oi^i-^i 7fi^F7iu cHoH a•i!■5^s.gl:s?l!7lo^lA^ 

^5i£ioi <ythi. ^tF#/ SI eitm oiei ^w^^.m^e^ i:h°h^sai, {im 

my u\± ig^ ic.?iioiiy Egii^i qi uio^ lhs he t.^^Eic}i sq. es^ ^z&m §^o^7i ?i 
uhDi s^ Di^ gjow Sr^^.>:^5f#:.a^Ai^F:?i ^i^hoj .iE^ £!S m\ 

M 32h *H^^ gfi^rsiEiK 01E1 dirt ^soi trra ^^^aoi s^2^ 

5^ HH>!!# SS^^ 4 aa. QJ^ 53 DI4::lSS|.SA|Sjej E^.Sgg -gjW 37121 -vyitlg s 

U\± lg£S XH?4S 9-IIOIiiiHj MgiiaM ^rgEI^ IC qi^S ^gAfli^tHI .Sa*^ 371-73 ^£ S 

^|7h2ii:K Dl^i.lg E5 gSil7^ Sej2J ssoiQ. ^^>>s cEhGI ?IIOI 

fflcHi.y7i;2![Hi Di:i ^goi mm s.^ Mom2\ ^7h um^Yi ^aioiiihiai, oiit 

•i.g:59(Hi~ u\± mm\ ex-ii mn&m ^m^^ ^^tmyfis^m^L^: oi4: ig' ssi* ?iioiiiiM.¥ 

^tm 1 tKthermal izat ion) ' ojA^og 7H§I3 . ^Bmm tm^Oi^ ^mmJl Olii ^gM 

,2J JIH^t.^ 01:1: Ig 'i^MOI-g^ 7^^eW ^Q. ¥gt^?ai 0|:?H H7rg^5i0jI2 

7im U\'± Ig 53 aw Z!ej atl g^^. £E^.ME|^*r (HIUT^IOil ^»2^EI0i Si^Lh 01:^ gg il 

gg^^ES Dii^ig H7I gtH 4^eH xMi ssAi Moi7f^§H:K ^mmm ^B.mma 

E^ "^CH ^£0ilA12j Ml em SE2J 3g2J 2^Ai Tllif eAhif^CK Ci^OL ^1 S£.OI^»'^ 

^ ymtm u\± gg^ 371 g^^j sss aa. oi^si igHi eis nHM^i^^sj ggoii [i>ef g 
7h;^ai7h >iD|s cm^ ^57f sch 

a ai-^^oi 01:4^ Ig loH • ^ohg^ ^ g:?^;^^! geij. ^>5^ej -^^oil S^t.^ 

§eH°J.*f7lll ^ SiQKCK-.T. Mllleret al. J. Mater Res. 5(1990) 151-160; B.A. Korgel and 01 

Fltzmaurice Phys.Rev. Let 80(1998) 3531-3534; A,6. Evans et al. J. Mater Res.3 (1988) - 1043-1049), 

*^o! 3 ^« ^mtm ¥md^\- ^^\o\ Si^cH/ imM u\± ig -g°-ii# 910119011. Est.^ mn^ 
g^oi £5^iQ.. 01 ^sAiiii:i^.,?iioiai E^iixi bioirM xh^^ oii^ ig goiEi&ii. cHoH' -si^i^sjo 

S ^^^tlOl ?410|iiiM ^1 S^AlglLK Dl^ Ig El^fs: ?^0|itl2h2j 

•Al m^'OI^ Ig iSOl ^^EMIS ^^5^X11 .*|^- oi^»-2J s^oilAI >!^-tj5^;es. 4=tS^iQ. " 

^.012: ^g soHOjj CHt.^ ^^ti- m^: ^ mm ^£^.,A|7:|--?M llTTlKdiffbrential 

scanning calorlraetry; DSG). 1 S^Tll g^sjcthermal gravimetric; TGA)/ Sl^s^ S SaSSj- 
QS-^'AioiioijAj, ^stRii^ ^mtm mms\ mRsm isms:m eis ou -^gg ais 27i?sios g- 

t,^AI7|^ ES«.f^*SflOli:K ' * 

'm^0\ ^EIB El^i-EIH 2iS S^Oll^. Cf-E SIAj-MM :i2El^»-- gfi7h SiQ. 

mm ?411jO| MlfH>^S^7F SiHDl, imM ^EH^J g^i- ^2#0I 5!^:^ 

mm ism Hnifh^inj A^gt^^ s^on- oi gx-n^ sai- ki^^ Soir^Ei- 

SiQ. ^Ef-M HmWtm EI3 ^Al-SJ EJA^ 593^ ei^ ^^m^ iSSiS^y "^7! 3|g7|^ 

fioiu^Tii nErsAKHi ^sy\m sn saoii it^^ti^ ^^'•ei m^^'q. hi^^i 

(hon-viet table) mkM SI S^mM E^□|L■flOlll§^= 71^ gOtOll CIS S^^'^afllE 0171011 ;HA| 

bHd^S M?i!xlM xll^7| ?lt8Al.^ 'a|^^l^ SAF^OI ill lei! 01 d. Sfll (percolation threshold) 
E^ 3 0I4KDI EIEW SAf7f ^TOO^ ^.Klh 017IA1 ullEllGId S7II~ eiS SAI-M2J ^OlE 

gSl ilE!^l-7|0il #Mt^ ElAh^^Z.K ^ESAi gBj^ICK itIMElldId STII 

^^e, .CI>EhAi 21X[y ±m E^ AiS| .E2!g# aimF71 ^ItHAI^: E,^J\ --^^^s ojjQig ^^qi, 
etStr St^OllAI gOiE 7 a» ^01/2101 big^sjeiQ. u^EJtMi S 7 hffl 0IS21 MSSfl S6f 

wi 7h§ a ojgaa. 

AlSJJra B gS2J 7IS^ .A^feH}^l' CIBrHAI fe^AjjSI ^SShaH, CJg&IIAIfe- fe*A|0||MO|| CH^HAI fiSthU 
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DIMS S ^^SSJ t^gofBl^ 2= phUCK 

SOl^lUIEIKdodecanethloOk ^^tF& 3 nra-^ 01^ 1§ g^-itG| Left et al-, J.Phsy.. Chera. 99, 
(1995) 70362J OlgthDl t.^^SD. ^ ST^F^ ^EI^ Ol^i^tf^ 53. 50 nm°J TiN#IIf 3 ?|21 

100 nm°i Ti, 3EII2 5' DI-OI3e LHT^I 0.2 DhOIHSB) M?!!xL ^* 5;^^ E^Hxi^ ^El^; ?IOIiii(Hl HIS 

i^es^F 1^3} g5H(HiAi ?;eg§e^cK oi Eg ^^oidi %n 

^Qil ?IO|iti' ^^011 ^^^•■m fe^ZiQ. a Qfg, .9J10|IBI^ y ^ 300: tOilAj •2A|^^ s 

CK giOlJil' ^E3M UltB iaixl LHOJ SOI ^flSjog kI^S '21^5 S^Q. 
<eA|01l 2> 

cHijoii ^im ej7^i# i^wn 121 2rai.eh^sfai2> 11 ssi-^ ui^shch 

<^A|01l .3> 

4'AIOll 121 Gli'lSS gg^J^ MSSMS 941010 4KHI 300 rpm^S id^S ^^ 014^ 1§ K| 

SjtH 7hEl^l '9^101 SI M?!!X| IHEjUl' g-HFAj^OilAI 91010- 20^ ^^.K 150 XS' 

99.9 % 0|^»-2| £ai?miE|#0| TG^WI [CEI-Ai ^l^^l^ 212:^ 911010011 ^:7^^eJ Dlifc IS - 

€?iioi ssaiih. #(Hi 911010^' 300 7hsai2, 3 941010, Me!!«':7K,^a g ssr^g 
Sfs§i xB^JSQ. 9II0IO .^^Qii^ npa g s^di 7121 s^eixi srfeD. 

<^A1011 4> 

.50 glf 0^(party M^eH.^^ 1 Sif m.-EfE^SM g?!!CHI g^||A|2! ^Oil ^AIMI 321 IFSOI 

g^-il^ '^X^iKatoml2e)£|Oi 941010 LHM 10i:?W ^SaCK ' 1\% A|, 9II0IO 

<^.A|01I 5> 

4StF# CHdOll ^E|(ll).St^M#, El# CHiilHI 0[°i# Oig3^^ Leff et alii ^Ah^hTll 
e^E ^El 01:^ Ig^S ^AIDll 301 o,7;^3 ^ 5 LH7;r6 nm21 h:?IM i^^^ HH?:! LHCHIAI 

^^tl- ^AK CH ^E|2J ^HKmolar rat lo)M ^gt^^^Mi t.^^£|LK ^E| SA^^ 300 *cCHIAi 2AIZt S 
2^ 10 % 90 % 1^21 g9PI ^OIIAI :?F^ac:K ^E|21 ^^^ H^h e^qi ^j^siqi-.. 

<^A|01I 6> 

^^^^3 ^' 3.5 nm21 :?E| 01:^ ^ 0|i 1§0| A. Manna et al.,.Chem. Mater 9 (.1 997)/. 3032- 

303B&1I 5^M0^^L^. S\\± ISS 3 nm Au Dl^r lS^^ Au: Cu: Ag2j #. Siftdi?!- 7: 78: 1521 dlM^ ^ 
^^101 tijAh LHOilAI ^tliaCK Dli ^SS 121^ ^ZEilOIOil Olgi&fOl ^^im 911010 i&^DII ^Zai 

0! sua *oii 350 x£ ?naQ. 941010-^^^^ -R^jm ^^ ^^Si^ ^mvn 

?42![:h 
<^'AIW1 7> 

150 941010011 Gli. ^gS 6»-EH01IA| fe'AlOll 32| ihSOl ef^SQ. £S ^ 

941010^ 350 *cS :?h^£!0| .91010 MgijxI. LHWI S UHflM SSt^PK 

<^A!01I 8> 

350 *cOjlAl IS 9J!0IO0il £^t^ ^tHQllAH ^AlOfl 72| j)|®0| eh^aCK MEflg^SF Mgli 

xie HU^f^ ^H SOI ^^^aCK ' 

oi:?ioiiAi ^sa m.m^:^i\ ^s^^^ei ^^^akhi^ii^ h oiEi ..^hAi^ 

A^S^hDl, Olfil- ^^E ^?|2J ^91 LHOll 5*i-aEh 

oi:?iAi ejga a& irn ss^ zj-zjoi :?hi^^s 3Eiii saisjo^ ss^ai st^a §s 
1 

2 LHAI 20 Uh:DlEi21 S^ t^S Dl^ gXIll :?H|e.K 941010011 

9410IOM :?}-ie[01 ^S:£S^E1 Ql^S S^l fe^?| MSIxl LHOll SSsfe B71I 

xiiit>K)ii aioiAi, i^^7i 01^ isi ¥^dih; ^el = eEi^3!> ui. we^m, «J^s, 

o^^, ai'M, eieis, a t^s, dii-e, lai, eiai^ 01^012 ae^s^Ei Ai^-tia wis 

7-^ 
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3. 

jiiiii^M aoiAi, SMS Ji^mm □ atmi^ 2s ^g°s o^= ^se 

6 

M\%m ?i.o\M. ci^s sajs ,t§E! ai^t sti5^fe 21 ^ass qi^M 

8 

«l1t.K)il SiOIAi. S^g §§S 01:^ ISS St^l-^ 2g Sl^ 
9 

imoii SioiAi, .9jioiia& 350 'c piss 2g ps^s si^ qi2M i2.a^a, 
m=m to 

12*D11. SiOIAI/ ^22sg S^f=01il/ 4.^71 D\± Igs ElEfe, ElEfe. gSfs, B^S, 3! i»lf 

1. §tHS .01^012 HM^S^EI ileitis 2g Sl-^ ;?2s. li S-S. ' " 

11 

□hOiaSgeiMgM lffli!B l5ohc SaCHl Sl.CHAj, 

2 LHJq 10 UitOlEISI ?;^^ ^El 014: St!«h='g»4M MSl'xi 2# :?dlt^ ?4IOIttl 

Oil ESSfe BM; S! " 

4^71 siiGittig ymt\o\ 4f7i M?!!*is!>°j a^s =?E\ m^m 3i 

S ±m\S: 2b ^S^S Sfe DlOIHegaiEgtl bH4! 12 .SS. 
12 

llltJOil SiQjAI; ^r:?! gAjOfl. 4tStl= '2M ^g^S- 8te DIOIHea^Mey UH 

.4! 12 

13 

■MU%m SiOiAl, gai ES.BTiS >:B .2§ ^gi»S S^= DWIHSSieiEeM 

HH<3 12 grs.- ■ 

14 

iiitHw aoiAi, B?ii^ iiaol hum ittj^fe 2§ ^gss sfe oroiaegeqM 

HH<3 X1I2 

AIS S^lSjos 24*101. aiOlia 7\B LH2I :7|S2| Ell^^l €Me d\± S?1g StJ*fe 
16 

115ii(Hl SICHAI, ■fe^^l 2 LHAl 10 UkDIE|£| n^m 23 ^g£S SIS D|-Gi3Sga!ES 

H 721. 

17 

119I.HHI. 9xo\M, g^s ^^dih, 7ei, ^2.^ #EiMa!,.Lii, MEfM, ms. ^^>■ 0^ 
3, 5! ^, EiEfe, n t.'-s. ihtu, ii5g. s eitus oi^ois ^seia ^2 

a= smis 2M mgns sis oiQia£ge!M£(=i 721. 

3^ 18 
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Oil. 

TiigiKHi sicHAi, sr?! ^slm^ uHi^ej at ^S£s «f= di^ is£i oii: 
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